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AUTOMATIC DOOR OPENER 



This application claims priority from U.S. 
5 Provisional Patent Application Serial No. 60/217,147, filed 
July 7, 2 000, which is hereby incorporated by reference 
herein in its entirety. 



FIELD OF THE INVENTION 
10 The invention relates generally to fabrication 

systems and more particularly to an apparatus and method for 
opening a door portion of a wafer carrier. 

BACKGROUND OF THE INVENTION 

15 Conventional semiconductor fabrication systems 

transport a plurality of wafers in a sealed wafer carrier 
such as a sealed container or pod, thereby maintaining the 
wafers in a clean/controlled environment. Thus, 
conventional processing systems include a plurality of wafer 

20 carrier loading stations where the sealed pods are opened, 
wafers are extracted therefrom and are loaded into the 
processing system. Each wafer carrier loading station 
comprises a wafer carrier platform adapted to receive a 
sealed pod,, which contains a cassette of wafers,, and a wafer 

25 carrier opener adapted to engage and unlatch a door portion 
of the pod (hereinafter a pod door) . 

In operation, the wafer carrier platform receives 
a pod and moves the pod horizontally toward the wafer 
carrier opener. Thereafter, the wafer carrier opener 

30 engages and unlatches the pod d9pr. A first actuator moves 

the pod door horizontally aw^y from the wafer carrier 

platform, and then a second actuator moves the pod d^or 

vertically downward to provide clear access to the wafers in 

the pod. Hence, the wafer carrier opener requires the use 
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of two separate actuators, which increases equipment 
expense . 

Accordingly, there is a need for an improved wafer 
carrier opener having a pod door that moves both vertically 
and horizontally while using only a single actuator, thus 
satisfying the ever-present demand for reduced cost per unit 
wafer processed. 



SUMMARY OF THE INVEN'FION 
10 The inventive wafer carrier opener may eliminate 

the use of two separate actuators by using a linkage 
mechanism. The inventive wafer carrier opener comprises a 
wafer carrier door receiver, adapted to receive a wafer 
carrier door, a horizontally stationary member, and a link 
15 coupled between the wafer carrier door receiver and the 
horizontally stationary member so as to allow horizontal 
movement of the wafer carrier door receiver. 

A method of opening a sealed wafer carrier, the 
method comprising: elevating a wafer carrier door receiver 
20 ^^^^ggmbly ; impacting a vertical motion stop with a portion of 
the wafer carrier door receiver assembly thereby limiting 
the vertical motion of a portion of the wafer carrier door 
receiver assembly; continuing elevating a remaining portion 
of the wafer carrier door recei^r assembly; and translating 
25 the continued elevation of the remaining portion of the 

wafer carrier door receiver assembly into horizontal motion 
of at least a door receiving portion of the vertically 
limited portion of the wafer carrier door receiver assembly. 
Other features and advantages of the present 
30 invention will become more fully apparent from the following 
detailed description of the preferred embodiments, the 
appended claims and the accompanying drawings . 
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BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a schematic top plan view, in pertinent 
part, of a processing system having a factory interface 
wafer handler adapted to transport wafers between a 
5 plurality of wafer . carrier loading stations and a processing 
tool ; 

FIG. 2A is a schematic side view of the wafer 
carrier loading station of FIG. 1, having the conventional 
wafer carrier opener; 
10 FIG. 2B is a side cross -sectional view of the 

conventional wafer carrier opener of FIG. 2A; 

FIGS. 3A-D are sequential side views of a first 
embodiment of an inventive wafer carrier opener; 

FIG. 4 is a perspective side view of the inventive 
15 wafer carrier opener of FIGS. 3A-D; 

FIGS. 5A-C are side views of a second embodiment 
of the inventive wafer carrier opener; and 

FIG. 6 is a perspective side view of the second 
embodiment of the inventive wafer carrier opener with a 
20 horizontally stationary member in an alternative position. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIG. 1 is a schematic top plan view, in pertinent 
part, of a processing system 11 having a factory interface 

25 wafer handler 13 adapted to transport wafers between a 
plurality of wafer carrier loading stations 15a-d and a 
processing tool 17. The exemplary processing system 11 
shown in FIG. 1 includes an interface chamber 19 and the 
processing tool 17 which, in this example, comprises a pair 

30 of loadlock chambers 23, a transfer chamber 25 coupled to 
the loadlock chambers 23, and a plurality of processing 
chambers 27 coupled to the transfer chamber 25. 



3 



dL007'033a .ososoe 

_ m 

WO 02/04774 PCT/USOl/41237 

An interface wall 29 is positioned between the 
wafer carrier loading stations IBa-d and the processing 
system 11 for separating a "white area" clean room 31 from a 
less clean, "gray area" clean room 33. The wafer -carrier 



5 loading stations iSa-d are located ±n the "white area" clean 
room 31 and the processing system 11 is located in the less 
clean, "gray area" clean room 33. The wafer carrier loading 
stations 15a-d are positioned adjacent sealable openings 35 
in the interface wall 29. The wafer carrier loading 

10 stations 15a-d comprise a wafer carrier platfprm (not shown) 
adapted to receive a sealed pod (not shown) and a 
conventions^ carrier opener 37 adapted to engage and 

unlatched a pod door from the remainder of the pod as is 
known in the art ^ 

15 The interface chamber 19 contains the interface 

wafer handler 13^. mounted to a track T (not shown) . The 
transfer ^chamber 25 of the processing tool 17 contains a 
transfer wafer handler 3 9 adapted to transport wafers (not 
shown) between the loadlock chambers 23 and the processing 

20 chambers 27. 

In operation, a pod, ^containing cassettes of 
wafers, is loaded onto the wafer carrier loading station 15. 
The conventional wafer carrier opener 37 engages and 
unlatches the pod door. With the use of two separate 

25 actuators (not shown) , the conventional wafer carrier opener 
37 moves the pc^d door horizontally away from the wafer 
carrier platform and. then moves the pod door^ vertically 
d ownward to provide clear access to the wafers in the pod. 
The interface wafer handler 13 of the interface chamber 19 

30 then extracts a wafer from the pod and transports the wafer 
to one of the loadlock chambers 23. Thereafter, the 
transfer wafer handler 3 9 of the processing tool 17 
transports the wafer from the loadlock chamber 23 to a 
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processing chamber 27, wherein a processing step is performed 
on the wafer. 

FIG. 2A is a schematic side view of the wafer 
carrier loading station 15 of FIG. 1, having the 
5 conventional wafer carrier opener 37. As previously stated, 
the wafer carrier loading st^tion_15 ^ comprises a wafer 
carrier platform 45L adapted to receive a pod 43 and the 
conventional wafer carrier opener^37 adapted to engage and 
unlatched a pod door 45 as is known in the art, 

10 FIG. 2B is a side cross -sectional view of the 

conventional wafer carrier opener 37 of FIG. 2A. The 
conventional wafer carrier opener 37 defines a recess 47 
into which a pod door 45 (shown in FIG. 2A) is received. 
The recess 47 is defined by a plate 49 and a wall 51. The 

15 plate 49 of the recess 47 includes a pod door key actuating 
mechanism 53, which is connected to a key 55 and to an 
actuator 57^ adapted to unlatch the pod door 45 from the 
remainder of the pod 43 . Alignment pins 59 are also 
provided on the plate 49 for aligning the pod door 45 with 

20 the conventional wafer carrier opener 37 such that the pod 
door receiver key 55 enters^a corresponding key hole (not 
shown) on the pod door 45. 

In operation, the wafer carrier platform 41 moves 
in a horizontal plane to receive the pod 43 in a position 

25 away from the interface wall 29. The wafer carrier platform 
41 then moves the pod 43_ into a position adjacent the 
interface wall 29. In this position the pod door 45 is 
positioned within the recess 47 of the conventional wafer 
carrier opener 37. 

30 The alignment pins 59 on the conventional wafer 

carrier opener 37 ensure proper alignment of the pod door 45 
such that the key 55 positioned on the conventional wafer 
carrier opener 37 engages the pod door lock (not shown) . 
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The actuator 57 then activates the pod door key actuating 
mechanism 53, which in turn rotates the key 55 to unlatch 
the pod door latches (not shown) . Once the pod door latches 
are unlatched, the pod door 45 is unlocked from the 
remainder of the pod 43. 

Thereafter, the conventional wafer carrier opener 
3 7 having the pod door 4.5 now— attached thereto moves*- the pod 
door 45 horizontally, via a horizontal actuator e.g. , a 
first actuator notshowii) , in a direction away from the 



10 wafer carrier platform 41, as indicated by arrow A. A 

vertical actuator (e.g. a second actuator not shown) then 
moves the pod door 45 vertically downward, as indicated by 
arrow B, until the pod door 45 clears the opening in the 
interface wall 29 to 'provide access to the "'wafers or 

15 cassette in tlie pod 43 by a wafer handler 13 within the 

interface chamber 19. As described above, the conventional 
wafer carrier opener 3 7 requires the use of two separate 
actuators in order to open and/or close a sealed wafer 
carrier. 

20 Accordingly, the present inventor has provided an 



improved wafer carrier opener that employs a single actuator 
to achieve, both, the vertical and horizontal pod door 
movement . 

The components of a first embodiment of an 
25 inventive wafer carrier opener 101a are described with 

reference to FIGS. 3A-4. FIGS. 3A-D are sequential side 
views of the inventive wafer carrier opener 101a, and FIG. 4 
is a perspective side view of the inventive wafer carrier 
opener 101a. Except for the two actuators (a horizontal 
30 actuator, and a vertical actuator) the inventive wafer 

carrier opener 101a may comprise the same components as the 
conventional wafer carrier opener 37 of FIG. 2B.. The 
conventional components of the inventive wafer carrier 
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opener 101a are therefore not further described with 
reference to FIGS. 3A-4 . In addition to the conventional 
components, the inventive wafer carrier opener 101a of FIGS. 
3A-4 comprises a^^Jiorizontally stationary memhej^ 2^ (e.g., a 
member fixed against horizontal motion via a track which 
allows_jvgrtijcal^mQt ^^^ oX^^the-^oj-izont al ly^ stationa ry mender 
107 but which prohibits horizontal motion),,., and a link 109 
coupled between a wafer carrier door receiver 1,03 and the 
horizontally stationary member 107, so as to allow vertical 
actuation to be translated into horizontal movement of the 
wafer carrier door receiver 103, as described below. 

The link 109 may comprise an upper link' 111 and a 
lower link 113, both adapted to pivot between a retracted 
position and an extended position. The upper link 111 
comprises a first joint 115 and a second joint 117. The 
first joint 115 is coupled to the horizontally s^tationary 
member 107 and the second joint 117 is coupled to the wafer 
carrier door receiver 103. Similarly, the lower link 113 
comprises a first joint 119 and a second joint 121, which 
also are coupled to the horizontally stationary member -107 
and the wafer carrier door receiver 103|, respectively. 
Thus, the wafer carrier door receiver lOj^, the horizontally 
stationary member 107, the upper link 111, and the lower 
link 113 may be configured to coitprise what is 
conventionally known as a four-bar link. 

The inventive wafer carrier opener 101a further 
comprises a mechanism (e.g., a cam follower 123) that may be 
coupled to the horizontally, stationary i^iember 107 so as to 
move vertically therewith, and such that^ the horizontally 
stationary member 107 also may move vertically relative to 
the cam follower 123. In one aspect, the cam follower 123 
may be positioned in a slot 125 (FIG. 4) of the horizontally 
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Stationary member 107 as shown in FIG. 4. Also as shown in 
FIG. 4, an additional link 109 may be included if desired. 

The cam follower 123 comprises a vertical 
extension 127 and a horizontal extension 129. The vertical 
extension 12 7 of the cam follower 123 is coupled to the 
wafer carrier door receiver 103, (in this example via the 
second joint 121 of the lower link 113) , so that the cam 
follower 123 moves horizontally with the wafer carrier door 
receiver 103. The horizontal extension 129 is adapted so as 
to contact a vertical motion stgp (e.g., a cam 131) as the 
inventive wafer carrier opener 101a moves vertically upward, 
thereby stopping further vertical motion of the cam follower 
123 . 

The cam 131 is positioned adjacent the cam 
follower 123 and between the horizontal extension 129 and 
the wafer carrier door receiver 103 as shown in FIGS. 3A-C. 
Specifically, the cam 131 is positioned such that when the 
horizontal extension 129 of the cam follower 123 contacts 
the cam 131, the wafer carrier door receiver 103 is in 
position to engage (e.g., at the same elevation as) the pod 
door 45, located on the wafer carrier platform 41. Hence, 
the cam 131 and the wafer carrier platform 41 may seirve as 
datum points to provide accurate alignment of the inventive 
wafer carrier opener 101a so as to properly position the 
wafer carrier door receiver 103 relative to the pod door 45. 

The inventive wafer carrier opener 101a may also 
include a counteirfealancing mechanism adapted to bias the 
wafer carrier door receiver .103 upwardly. The 
counterbalancing mechanism may be coupled to the 
horizontally stationary member 107 and to the wafer carrier 
^^door receiver 103. For example,^ the counterbalancing 
<^mechanism may comprise an extension /jfS^ of the horizontally 
stationary member IDJ 6^hat extends above the elevation of 
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the wafer carrier door receiver 103, and a biasing mechanism 
137 coupled between the extension 135 and the wafer carrier 
door receiver 103 as shown in FIGS. 3A-C:. The biasing 
mechanism 13 7 may comprise a spring, a cylinder, a 
5 counterweight, or any mechanism that may bias the wafer 
carrier door receiver 103 upwardly so as to resist the 
gravitational force that otherwise may move the wafer 
carrier door receiver 103. vertically downward. 

A vertical actuator such 13 9 is adapted to 

10 vertically move the inventive wafer carrier opener 101a 

upwardly/ so as to place the wafer carrier door receiver 103 
in position to engage the pod door 45. The actuator 139 
also is adapted to vertically move the inventive wafer 
carrier opener 101a downward so as to expose an opening 35 

15 (FIG. 1) in the interface wall 29, thereby allowing access 
to the wafers in the pod 43. 

The operation of the inventive wafer carrier 
opener 101a is described with reference to the sequential 
views of FIGS. 3A-'D, which show the movement of the 

20 inventive wafer carrier opener 101a. The upper link 111 and 
the lower link 113 are initially in a retracted (e.g. 
horizontal) position as shown in FIG. 3A. 

In operation, the actuator 139, which is coupled 
to the horizontally stationary member 107, is energized and 

25 moves the horizontally stationary member 107 vertically 

upward, carrying the cam follower 123, and the wafer carrier 
door receiver 103 therewith. As the inventive wafer carrier 
opener 101a moves vertically upward, the horizontal 
extension 129 of the cam follower 123 contacts the cam 131 

30 so as to prevent the cam follower 123 from -further upward 
movement. The wafer carrier door receiver 103 also is 
prevented from moving vertically upward because the vertical 
extension 127 of the cam follower 123 is coupled to the 
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wafer carrier door receiver 103, via the second joint ^l21 of 
the lower link 113. When the horizontal extension 129 of 
the cam follower 123 contacts the cam 131, the wafer carrier 
door receiver 103 is in position to engage (e_.g. is at the 
5 same elevation as) the pod door -^5, located on the wafer 
carrier platform 41. 

The horizontally stationary member 107 and the 
counterbalancing mechanism continue to move^ vertically 
upward relative to the cam follower 1^3 and the wafer 

10 carrier door receiver 103, which remain- at the elevation of 
the pod door 45. As ^he horizontally stationary ^member 107 
moves vertically upward relative to the^ cam follower ,1^3 and 
the wafer door receiver 103^, the first joints 115, 119 of 
the upper link 111 and the lower link 113 move^ upward- As 

15 the member 107 is restrained horizontally, thjLs vertical 

motion positions the upper link 111 and the lower link 113 
in an extended position (e.g. a position that is more 
horizontal than is the retracted position) as shown in FIG. 
3B, thereby extending the wafer carrier door receiver 103 

20 horizontally. 

As the upper link 111 and the lower link 113 move 
to the extended position, the cam follower 123 and the wafer 
carrier door receiver 103 move horizontally toward the 
interface wall 29 (e.g. the links 111, 113 leverage off of 

25 the horizontally stationary member 107) . In the exemplary 
embodiment shown the wafer carrier door receiver 103 moves 
in a straight horizontal line, due to the horizontally 
straight configuration of the horizontal extension 1,2 9 and 
the vertical fixation thereof when engaged with cam 131. As 

30 the wafer carrier door receiver 103 moves horizontally 

toward the interface wall 29, the horizontally stationary 
member 107 and the extension 133 move vertically upward, the 
biasing mechanism 137 also biases the wafer carrier door 
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receiver 103 upwardly (thus resisting the gravitational 
force that otherwise may move the wafer carrier door 
receiver 103 vertically downward and pulling the upper and 
lower links 111, 113 into the retracted position) . 
5 At the interface wall 2 9., the wafer carrier door 

receiver 103 of the inventive wafer carrier opener^J^Ola 
couples to and unlatches the pod door 45, as is 
conventionally known. Once the door 45 is opened, the 
actuator 139 reverses direction, and the horizontally 

10 stationary member 107 and the extension 133.. (having the door 
. attached thereto via .the wafer carrier door receiver ^03) 
begin moving vertically downward. As the horizontally 
stationaary member 107 moves vertically downward, the first 
joints 115, 119 of the upper link 111 and the lower link 113 

15 move downward. Because the position of first joints 115, 

119 is horizontally fixed with respect to the wall 29 of the 
interface chamber 19, vertical motion of the joints 115, 119 
enables the bar :].29 to move to a position below the cam 131 
in which the bar 12 9 no longer contacts the cam 131, thereby 

20 enabling biasing member 137 to retract and move the inner 
,^^inks 117, 1^1 upward and away from the pod 43 to retract 
the door 45 therefrom. Specifically, in this example, the 
biasing mechanism 137 is sufficiently stiff so as to 
continually upwardly bias the wafer carrier door receiver 

25 103 (with or without the added weight of the door 45) . 

Thus, when the bar 129 no longer contacts the cam 131 (which 
contact prevents the wafer carrier door receiver 103 from 
moving upward in response to the upward bias applied by the 
biasing mechanism 137) , the biasing mechanism 137 causes the 

30 wafer carrier door receiver 103 to retract away from the pod 
43, as described above . 

As the upper link 111 and lower link 113 move to 
the retracted position, the cam follower 123 and the wafer 
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carrier door receiver 103, with the pod door 45 attached 
thereto, move horizontally in a straight line (e.g., 
following the straight surface of the bar 12 9) away from the 
interface -wall 29. The inventive wafer carrier opener 101a 
continues to move vertically downward so as to provide an 
opening in the interface wall<29, thereby allowing access to 
the wafers in the pod 43 as shown in FIG. 3D.. Accordingly, 
as described above, the inventive wafer Ga-rrier opener 101a 
may move both vertically ai^d horizontally with use of a 
single actuator. 

FIGS. 5A-C are side views of a second embodiment 
10 lb of the inventive wafer carrier opener. The inventive 
wafer carrier opener 101b may comprise the same components 
as the inventive wafer carrier opener 101a of FIGS. 3A-4. 
In this embodiment^ however, the wafer carrier door receiver 
103 has been configured to include a paddle ^^J^41^, coupled to 
the horizontally stationary member 107, via the link 109. 

The horizontally stationary member 107_is 
positioned on the wafer carrier side of the paddle 141 as 
shovm in FIGS. 5A-C. Alternatively, as shown in FIG. 6, 
which is a perspective side view of the inventive wafer 
carrier opener 101b, the horizontally stationary member 107 
may be positioned on the non-wafer carrier side of the 
paddle 141. Thus, the horizontally stationary member 107 
may be positioned on either side of the paddle 141. Also, 
although the upper link 111 and the lower link 113 are 
positioned toward the bottom of the paddle 141 as shown in 
FIGS. 5A--C, the upper link 111 and the lower link 113 may be 
positioned at any location along the paddle 141. 

The operation of the inventive wafer carrier 
opener 101b is substantially identical to that described 
above, and is now described with reference to the sequential 
views of FIGS. 5A-C, which show the movement of the 
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inventive wafer carrier opener 101b . The upper link 111 and 
the lower link 113 are initially in the extended position as 
shown in FIG. 5A. Because the horizontally stationary 
member 107 is positioned on the wafer carrier side of the 
5 wafer carrier door receiver 103, the extended position 
pushes the wafer carrier door receiver 103 away from the 
wafer carrier 43, as shown in FIG. 5A; this is the only 
operational difference between the embodiment of FIGS. 3A-4 
and that of FIGS. 5A-6. 
10 In operation, with the use of the actuator 139, 

the inventive wafer carrier opener 101b moves vertically 



upward so as to place the wafer carrier door receiver 103 in 
position to engage the pod door 45. As the inventive wafer 
carrier opener 101b moves vertically upward, the horizontal 

15 extension 129 of the. cam follower 123 contacts the cam 131 
so as to prevent the cam follower 123 ^and the wafer carrier 
door receiver 103 from further moving vertically upward. 

The horizontally stationary member 107 and the 
counterbalancing mechanism coupled thereto continue to move 

20 vertically upward^relative to the cam follower 123 and the 
wafer carrier door receiver 103 which remain vertically 
stopped by the cam 13:|,. As the horizontally stationary 
member 107 continues to move vertically upward, the first 
joints 115, 119 of the upper link 111 and the lower link 113 

25 move upward therewith as the horizontally stationary member 
107 is restrained horizontally, this vertical motion 
positions the upper link 111 and the lower link 113 in the 
retracted position as shown in FIG. thereby extending the 
wafer carrier door receiver 103 horizontally. Because the 

30 horizontally stationary member 107 is positioned on the 

wafer carrier side of the wafer carrier door receiver 103, 
the retracted position thus pulls the wafer carrier door 
receiver 103 toward the wafer carrier 43. 
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As the upper link 111 and the lower link 113 move 
to the retracted position, the cam follower 123 and the 
wafer carrier door receiver 103 coupled thereto move 
horizontally in a straight line (e.g., due to the 
5 horizontally straight configuration of the horizontal 

extension 129 and the vertical fixation thereof when engaged 
with the cam 131) toward the interface wall 2B (FIG. 2) as 
shown in FIG. 5B.^ As the wafer carrier door receiver ^103 
moves horizontally toward the interface wall 2^, and as the 

10 counterbalancing mechanism mov^s vertically upward, the 

biasing mechanism 137 of the counterbalancing mechanism also 
"Tbiases^the wa^er^ carrier door receiver 103 upwardly (thus 
resisting the gravitational force that otherwise may move 
the wafer carrier door receiver 103 vertically downward and 

15 pulling the upper and lower links 111, 113 into the 
retracted position) . 

At the interface wall 29, the wafer^ carrier door 
receiver 103 of the inventive jvafer carrier opener 101b 
couples to and unlatches the pod door 45, as is 

20 conventionally known. Once the pod door 45 is opened, the 
inventive wafer carrier opener 101b (having the pod door 45 
attached thereto via the wafer carrier door receiver 103) 
moves vertically downward so as to provide an opening in the 
interface wall 29, thereby allowing access to the wafers in 

25 the pod 43 as shown in FIG. SC. 

As is evident from the description above, the 
inventive wafer ' carrier opener 101a, 101b may use a single 
actuator 13 9, which may result in increased equipment 
reliability, and reduced cost per unit waf.er processed. 

30 Further, the cam 131 provides a convenient datum 

point that allows the position of the wafer carrier door 
receiver 103 to be accurately controlled relative to the pod 
door 45. Additionally, the preferred straight-line motion 
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(e.g., which may result from the cam 131 following the 
straight surface of the bar 129) of the wafer carrier door 
receiver 103 may reduce particle generation that may 
otherwise occur when the wafer carrier door 103 contacts the 
5 pod door 45. However, a wafer carrier door receiver may 
move along an alternative path (e.g. along an arch path) 
toward the interface wall 29. 

The foregoing description discloses only the 
preferred embodiments of the invention, modifications of the 
10 above-disclosed apparatus and method which fall within the 
scope of the invention will be readily apparent to those of 

ordinary skill in the art. For example, the cam follower 

■ t- — , 

123 may be coupled to the second joints IJ-J?, 121 of both the 
upper link 111 and the lower link 113. The links 111, 113 

15 may be similarly employed to translate horizontal actuation 
of a vertically stationary mechanism into vertical motion of 
a wafer carrier door receiver. In fact, the links 111, 113 
may be employed to translate motion of a first direction 
into motion of a second direction, (in this example, ' 

20 perpendicular to the first direction) . Thus, actuation 

need not be purely horizontal or purely vertical. Likewise, 
the horizontally (or vertically) stationairy member may move 
horizontally (or vertically) so long as the member provides 
a repeatable horizontal (or vertical) position against which 

25 the links 111, 113 may leverage. 

Accordingly, while the present invention has been 
disclosed in connection with the preferred embodiments 
thereof, it should be understood that there may be other 
embodiments which fall within the spirit and scope of the 

30 invention, as defined by the following claims. 



